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A Fluidized Powder Apparatus for Distilling Sawdust 
Chapter I 
Introduction 
The lumber industry i3 one of the principal indus-
tries of the United States, and it is of particularly great 
importance in certain regions of the country. The South is 
one of these regions; consequently, its economic well-
being is affected by that of its lumber industry. Any means 
by which the economic position of the industry can be im-
proved, therefore, will be of general benefit to the people 
of the South. 
Perfecting a profitable use for a wasted by-product 
of an industry is an important means of bettering its eco-
nomic position. A lumber industry by-product which is now 
largely wasted is the sawdust and other small material 
produced in sawing, planing, and similar operations. It is 
customary in many sections of the country to convey the saw-
dust pneumatically from the scene of the operations to a 
dumping area, where it accumulates in large piles. Oc-
casionally, the sawdust is burned to produce useful heat, 
but ordinarily it is left in the piles to decay, consti-
tuting a constant fire hazard. Several attempts have been 
made to utilize this waste sawdust, such as pressing it into 
building blocks or fuel briquettes. These attempts have 
been successful to varying degrees, depending on local 
economic conditions, 
It has been suggested that the waste sawdust might 
be subjected to destructive distillation. Currently used 
methods of wood destructive distillation are not applicable, 
principally because of the poor heat transfer character-
istics of a closely packed agglomeration of sawdust. 
The inherent excellent heat transfer characteristics 
of the fluidized solids technique, as it has been applied 
to fluid catalytic cracking of petroleum oils, suggest a 
means of overcoming this poor heat transfer and accomplish-
ing the desired destructive distillation. Tue simplified 
flow sheet of a full scale plant for fluidization sawdust 
distillation might be visualized as something on the order 
of that shown in Figure 1. Such a plant might operate 
something along these lines. The sawdust feed, sized 
properly, enters down the standpipe (l), Figure 1. 'i'he 
standpipe would be of sufficient height to give a proper 
static head, and its flow would be regulated by the slide 
valve indicated, SV. Air would enter the system through 
the blower and pick up a regulated amount of charcoal from 
standpipe (2). The air-charcoal mixture is brought to oxi-
dation temperatures in the furnace, and the charcoal is 
practically completely oxidized. The charcoal-air mixture 
would be so regulated as to achieve complete consumption of 
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the oxygen present. The flue gases from the furnace pass 
overhead through line (3) and into the waste heat boiler, 
Here, heat would be removed until the gases were at a desired 
temperature. From the boiler the gases would pass to the foot 
of the standpipe (1), where they would pick up the regulated 
flow of feed. The gas-feed mixture would be carried over to 
the reactor where conditions would be regulated for carrying 
out the distillation. Products from the reactor would pass 
overhead to a cyclone separator where the charcoal residue 
from the distillation would be separated and the gaseous 
products would be sent to condensation and fractionation. 
The mechanics of the flows of the gases and solids 
in the plant would be similar to those in the fluid catalytic 
cracking process for hydrocarbons, as described by Iturphree 
et al (11). The fluidized solid technique offers several 
advantages, prominent among which are excellent heat trans-
fer, extreme flexibility, and accurate control of reaction 
time, rate, and temperature. This accurate control and the 
large ratio of reaction surface to weight of reactants should 
produce yields of better quality and quantity than obtainable 
by conventional wood distillation. 
The economic phases of this process are very complex 
and will probably require as much study, after process de-
sign data are obtained, as was devoted to obtaining the de-
sign data. The manufacture of synthetic methyl alcohol and 
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acetic acid is so much more economical than obtaining them 
from wood by present methods of distillation, that, at the 
present time, practically the only wood distillation plants 
being operated are those whose main product is charcoal, im-
provement of wood distillation processes, however, might 
change the situation* There is, for instance, a new furnace 
process under consideration, which gives better operation 
and yields and promises to compete with the synthetics (l). 
The fluidized sawdust process should give even more economic 
operation, especially considering the low price at which the 
waste sawdust should be obtainable. Other main economic 
factors which must be considered include the market value of 
the charcoal produced as compared with its value as fuel, the 
location and accessibility of raw materials and markets, and 
the competition from new synthetic processes, such as the 
Hydrocol process which will produce a number of alcohols, 
aldehydes, and organic acids as by-products• 
Since the proposed process of destructive distillation 
of fluidized sawdust seems to offer favorable prospects, it 
was decided that a more comprehensive investigation should be 
initiated, in order to obtain data which would offer a suit-
able foundation for process design purposes. Pursuant of this 
purpose it is necessary to determine the effect of a number 
of process variables, such as temperature, time, sawdaast parti-
cle size, and type of wood charge. Since these determinations 
are best made experimentally, a suitable apparatus is necessary. 
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The purpose of this paper is to describe the design, con-
struction, and preliminary operation of such an apparatus. 
As shown in Figure 1, the full scale plant v/ould in-
clude units for both the production of fluidizing gases by 
combustion of the charcoal produced and the actual destructive 
distillation process. The experimental apparatus consists 
only of the destructive distillation phase of the complete 
plant, so it will not be subject to the severe high temper-
ature and oxidation conditions of the combustion unit. 
A review of pertinent literature was not very fruitful. 
Information on fluidized solids techniques was restricted 
during the war, and by the time this literature search was 
made, very little information had been released. The subject 
Is also so new that little information dealing with laboratory 
scale equipment had been published. Published data on wood 
distillation were necessarily subject to question in applying 
them to the problem at hand, because of their being based on 
a different type of process. 
Since the literature yielded very little useful in-
formation about those operating variables which had to be 
known for designing the desired apparatus, it was necessary 
first to make some preliminary experiments that would yield 
sufficient data. 
Several glass apparatuses were built to study the 
characteristics of fluidized sawdust under various conditions. 
Using the data obtained from these preliminary experiments, 
a laboratory apparatus for studying the destructive distil-
lation of fluidlzed sawdust was designed. The apparatus was 




At the time when design work on this project was under-
taken, the literature contained practically no information 
useful in establishing a basis for laboratory equipment design. 
Practically the only pertinent material available consisted of 
limited construction and operation details of full scale fluid 
catalytic crackers and occasional vague mention of technical 
data concerning such units. Thus the literature did not 
furnish such information as details of laboratory work, re-
lationships between material size or density and gas veloci-
ties, equipment sizes and shapes, or particle size relation-
ships. In order to obtain such information, to become familiar 
with fluidized solids phenomena, and to gain experience with 
fluidized powdered sawdust in particular, several preliminary 
apparatuses were built and operated for brief periods of time. 
The simplest of these preliminary units is illustrated 
in Figure 2. The auxiliaries to this unit consisted of a source 
of compressed air and a regulating valve in series with an ori-
fice meter, '̂ hese three facilities served to introduce a 
measured flow of air into the bottom of the experimental unit 
itself. This unit was constructed of glass and consisted 
essentially of glass tube some two or three feet long, fitted 
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at its bottom end with a reducer for the purpose of enlarging 
the cross-sectional area of the stream of gas gradually. Tubes 
of several different diameters were used. The tops of the 
glass tubes were each fitted with a large metal funnel, where-
in the velocity of the gas steam v/oulc be reduced and all but 
the smallest particles of solids would settle out and eventu-
ally fall back into the tube. 
Operation of this type of apparatus was especially 
useful in obtaining data on various gas velocities through a 
bed of powdered sawdust, in observing the action of the bed 
at various gas velocities, and in determining the effects of 
various sizes of tubes. As a result of several runs on this 
apparatus a good idea of the desired velocities for good 
fluidizatlon was obtained. 
The first unit of this type made had a tube 19 mm 
inside diameter. /ihile it was possible at times to obtain a 
fluidized bed in this tube, a good deal of trouble was ex-
perienced with the solid material forming slugs which broke 
up the fluidized bed in alternate solid and gas layers. By 
increasing the internal diameter of the tube to two inches 
or more, it was found that the slugging trouble was practi-
ca1ly eliminated• 
One of the apparatuses of this type did not have a 
gradually changing cross-section in that part of the reactor 
where the air line was fitted to the tube. It was found that 
this produced an unsatisfactory type of channeling action in 
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the bottom of the tube up to that point at which the gas had 
had a chance to adjust itself to the enlarged cross-section 
of the tube. 
Observation of the fluidized bed action during these 
experiments showed that a velocity which is great enough to 
produce a we'll fluioized bed is also so great as to cause an 
appreciable quantity of solids to be carried up out of the 
bed. It was obvious from this observation that operating 
with, satisfactory fluidization would require facilities for 
removing solids carried, out of the bed and returning them to 
the bed. 
As a further extension of this type of experimental 
apparatus, it was decided to make a study of the action of 
powdered sawdust in a similar apparatus, but one which could 
be heated. Some idea of the feasi! ility of the proposed 
process might be obtained thereby, as well as useful design 
data. The set-up of this equipment is shown in figure 3. 
in order to supply a non-oxidizing atnosphere in the tube, 
nitrogen from a high pressure cylinder was used as the 
fluidizing agent. The reactor tube itself was much like that 
in Figure 2 used in preceding experiments, except that it was 
wound with an electric heating coil, and it had a chrome1-
aluirel therraocouple placed inside with its juctlon just about 
the midpoint of the reactor* The nitrogen flow was controlled 
by the reducing valve on the cylinder and measured by an ori-
fice meter. Several runs were made using sawdust of 42-100 
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mesh and temperature around 300°C« 
Although operation of this apparatus was never as 
successful as might "be desired, some very encouraging re-
sults were obtained. A voluminous production of vapors 
during one run established quite satisfactorily that de-
structive distillation was taking place. Huns on this 
apparatus also confirmed the temperature ran^o at which 
it was expected that destructive distillation would take 
place. These two observations, coupled with the generally 
encouraging operation of the apparatus, seemed to justify 
further work on the problem. 
Concurrent with the above mentioned v/ork, experiments 
were being carried out in cooperation with Mr. E. M. Koeritz 
in an effort to determine a practicable laboratory scale 
apparatus for fluidizing powdered sav/dust. The course fol-
lowed in this v/ork was tantamount to scaling down full scale 
operation, as practiced in the early fluid catalytic cracking 
units. Several models were built during the course of this 
experimental work, but all were similar to the final appa-
ratus which evolved from this work and is shown in Figure 4» 
.hxcept for the control valves, the cyclone, and the 
orifice meter, this apparatus was constructed entirely of 
glass. The column (1) was used for holding the sawdust col-
lected in the cyclone. This sawdust was allowed to fall 
through the plug valve, being controlled by this valve, and 
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was picked up by the steam of air flowing horizontally along 
(2)» The air flow was controlled and measured by the facili-
ties provided. It carried the sawdust which it had picked up 
into the fluidized bed (3). The reduced velocities in the 
enlarged section (3) maintained therein a fluidized bed of 
sawdust. As the sawdust was carried out of the fluidized bed, 
it traveled up through the top line to the cyclone, where the 
air was separated and the sawdust was regulated into (1). It 
was interesting to note that while the fluidized bed was in 
operation, a good amount of the sawdust collected in the annu-
lar space between the.distributing funnel and the wall of the 
cylinder in the bottom of (3). The fluidized bed column (3) 
was equipped with pressure taps at both ends to measure the 
pressure drop across the fluidized bed. Each tap had a blow-
out attachment for keeping it free of sawdust by admitting 
a steady, regulated flow of air. 
The sawdust used in these runs contained particles 
which varied considerably in size, perhaps over a range 
from 10 to 100 mesh. Some satisfactory operation was obtained 
with this apparatus, and it was possible for Ilr. Koeritz to 
use it for some related experimentation; however, the ex-
perience gained trying to operate it satisfactorily indicated 
that this approach to a laboratory apparatus was not workable. 
In order to gain the static heads necessary for the flow in 
the apparatus of Figure 4, it was necessary to make the stand-
pipes quite tall, for a laboratory apparatus to have so much 
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external piping would require excess heights, and the large 
amount of small diameter piping would produce extremely ex-
cessive heat loss with the attendant condensation of liquid 
product in undesirable portions of the apparatus. Also, 
this type of apparatus is for cyclic operation in which the 
charcoal produced would be burned to produce fluldizing gases, 
For the laboratory apparatus it was not considered desirable 
to undertake cyclic operation. An apparatus which consisted 
of mainly the fD.uidized reaction bed and which would have a 
minimum amount of external piping seemed to be more in line 
with what would be needed. 
. fter the completion of these preliminary experimen-
tations, the design of the final apparatus was undertaken. 
In addition to being capable of reasonably exact duplication 
of the process under consideration, prime requisites of an 
apparatus for obtaining good experimental data are flexi-
bility of operation and the best possible control. Retaining 
these ideas as guides, several basic requirements for the 
apparatus were established. 
It had been observed that a reactor diameter of about 
two inches seemed to be about the minimum for good fluidi-
zation. Since it was desirable to minimize heat and fluidi-
zation mediun requirements by keeping the reactor diameter as 
small as possible, it was decided that the inside diameter of 
the reactor should be about the minimum two inches. 
The return to the fluidized bed of particles which 
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would necessarily leave it at fluidization gas velocities 
could be accomplished in several ways. It was considered 
best, however, to effect this return in a manner which 
would necessitate no complicated equipment and which would 
return the greatest part of the entrained material directly 
to the reactor by a simple means. A tapered expansion of 
the reactor to a section of greater diameter, wherein the 
reduced velocity of the fluidizing gas would drop out most 
of the entrained material;, was chosen as being best. Ex-
perience from the preliminary experiments indicated that a 
total angle of 20° in the tapered interconnecting section 
offered an approximate optimum between the length of the 
tapered section and the desire to make this angle as small 
as possible* A minimum angle is desirable in order to pro-
mote the flov/, by gravity, of the recovered particles to the 
fluidized bed. 
Since it was obvious that some very small particles 
would be carried through the enlarged disengaging section 
above the reactor, the addition of a small cyclone separator 
following the disengaging section was deemed necessary. The 
small size of these particles necessitated a small cyclone 
having a diameter of about three inches. It was estimated 
that particles which could pass through such a small sepa-
rator would not cause any trouble in the apparatus at a 
later point. 
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In line with the idea of making the apparatus flexi-
ble in operation, it was desirable to design it so that it 
could be run for either continuous or batch operation. Oper-
ating in these two manners with one apparatus presented two 
requirements which had to be met. First, for continuous oper-
ation, it hai to be possible to charge fresh material and re-
move reacted product, while the unit was operating. Secondly, 
for batch operation, there had to be no place within the appa-
ratus where fresh charge could collect in appreciable quanti-
ties and not be reacted. The first of these two requirements 
was met by means of a double valve and hopper arrangement for 
feeding the apparatus and removing reacted sawdust, the 
second, by keeping at a minimum the volume of the reactor 
which was not directly in the path of the fluidizing gases* 
Reaction temperatures in the apparatus were to be 
relatively high, in the neighborhood of 300°C. For this 
reason and in order to obtain good temperature control, it 
was decided to heat the reactor with an external electric 
resistance type heater. In order to enhance further the in-
herent good controllability of such heaters, the reactor was 
actually wound with separate heaters, one wound on top of the 
other and separated by asbestos insulation. Each heater was 
connected to an auto-transformer of the Variac type, in order 
to procure further controllability. 
In an effort to prevent the undesirable condensation 
of volatile reaction products in the apparatus between the 
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reactor and the condenser, it was decided that a third 
electric heater should be used. It was wound around the 
disengaging section, the cyclone separator, and their inter-
connecting piping. The third, or auxiliary heater, was also 
connected to a Variac type autotransformer* 
During preliminary experiments using plug valves for 
controlling the flow of sawdust through round conduits, it 
was found that the rectangular shape of the bore in the usual 
plug caused the solid material to pile up and plug the line. 
In order to avoid this trouble in the experimental apparatus, 
plug valves having full area round bores through their plugs 
were specified. 
During continuous operation it is necessary to admit 
fresh sawdust to the apparatus and to withdraw reacted product 
in regulated amounts as steadily as possible. This can be ac-
complished by changing the cross-sectional area of the conduit 
which is carrying the solid material. The means devised for 
doing this was a slide valve which consisted mainly of a thin 
metal plate capable of blocking from 0 to 100%' of the area of 
the conduit, by sliding in a plane perpendicular to the axis 
of the conduit. This slide valve had to be constructed so 
that there was little possibility of any sawdust getting into 
tight places and jamming its operation. A valve of this type 
was designed* 
An important part of the data to be obtained from the 
apparatus was information on the various operating conditions* 
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The following data were selected as being pertinent and means 
for obtaining them were included in the design: temperatures 
at various points in the reactor, in the disengaging sections, 
and in the 11quid products condenser outlet; the pressure 
drop across the reactor; the flow of gas into the reactor; 
and the amount of residue gas leaving the condenser. 
As noted in the literature (11) and during operation of 
the apparatus shown in Figure 4, pressure taps which open into 
a fluidized ted become clogged with particles of the fluidized 
material; therefore, it is necessary to provide a means of 
blowing out such taps and keeping them open. The reactor bed 
pressure drop taps in the apparatus were designed with double 
connections, one connected to a monometer and the other to a 
source of high pressure blow-out gas. 
The various design considerations discussed in this 
chapter were all combined with the knowledge gained during the 





Materials and methods of construction were the primary 
consideration "before starting fabrication. Since the unit was 
to be only a laboratory model with a relatively short total 
time of operation, it was considered that mild conditions of 
corrosion or errosion could be ignored. This consideration 
dictated the use of the least expensive and most readily avail-
able materials, such as black iron and copper. It was not ex-
pected that the unit would operate at pressure greatly exceeding 
atmospheric| therefore, screwed pipe joints would be permissi-
ble. Welded joints were used as much as practicable to guard 
against the possibility of leakage and to facilitate construc-
tion operations. It was also necessary to consider the effect 
of heat on the material of the reactor and other heated parts, 
Since it was not expected that reaction temperatures would rise 
above about 300°C, steel pipe was deemed satisfactory for the 
heated parts of the apparatus. 
Figure 5 is a scale drawing illustrating the entirety 
of the final apparatus itself and most of its auxiliary parts. 
The heart of the whole unit is the reactor. Fabrication was 
begun with this section of the equipment. It consists of a 
four feet long piece of two inch standard pipe, threaded at 
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the lower end with a standard pipe thread and with a reducer 
welded to its top end. It was drilled at the points indi-
cated by the "T" and nP" flags, and copper tubing was welded 
into the holes for thermocouple wells and pressure taps, MT" 
flags indicating thermocouple wells and "P" flags pressure 
taps. The former are 1/4 inch diameter, and the latter are 
3/16 inch diameter. The disengaging section, composed of a 
piece of five inch standard pipe about 14 inches long, was 
welded to the top of that reducer which was welded to the re-
actor. The disengaging section was also equipped with a 
welded thermocouple well. The three hoppers were made sepa-
rately and consisted of six inch sections of four inch standard 
pipe. A reducer and a nipple were welded to the bottom of each 
hopper, and the nipple was threaded at its lower end. The two 
hoppers, which were between two plug valves, were also threaded 
at their top ends and fitted with pipe caps containing a welded 
nipple. These two hoppers were also fitted with two plexiglass 
windows each for observation of their interiors. All of the 
short pieces of pipe connecting the various hoppers and valves 
are two inch standard. The plug valves shown are of the round 
port, full area type, and the slide valves were made according 
to an original design. The hopper-valve auxiliary combi-
nations were attached to the reactor and disengaging section, 
all joints being welded except for the screwed pipe caps and 
the extrances of two inch pipes into the various valves. 
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The two inch pipe into the disengaging section was extended 
as shown in order .to prevent short circuiting of the incoming 
feed out the pipe to the cyclone, 
A simple, braced, rectangular, angle iron frame was 
made and bolted to the floor. Its construction can be seen 
from consulting the frontispiece or Figure 11. The reactor 
ana its hopper-valve auxiliaries were mounted on this frame-
work by means of two diametrically opposite wing type braces 
which were welded onto the disengaging section. 
The cyclone separator was mounted on the outside of 
the rectangular frame, being actually hung from its connect-
ing piping and without other support. The cyclone itself was 
fabricated of light weight sheet metal, welded throughout* It 
was designed according to more or less standard design of 
cyclones. A piece of metal tubing was welded to the bottom of 
the cyclone., and a screw top, gasketed bottle was attacheo. to 
the opposite end of the tubing. This bottle was designed to 
be a collector for the material separated in the cyclone* The 
entrance ana exit pipes were welded into the cyclone; the 
former was 5/8 inch standard pipe and the latter 3/4 inch. 
The 3/4 inch line fro.:; the top of the cyclone ran over 
to the top of the liquid products condenser. The condenser 
was mounted on the side of the framework by means of a metal 
bracket and a wooden platform. The 5/8 inch pipe from the 
side of the condenser was for uncondensed gases. It was welded 
into the condenser at one end, and it supported at the other 
25 
end orifice meter No. 2. The orifice meter itself was made 
from a piece of one inch pipe about a foot long and threaded 
at both ends. This piece of pipe was cut in half and an 
orifice plate v/as fitted into one of the cut ends. Then the 
two halves were welded back together, and two copper tubing 
pressure taps were welded into place on either side of the 
orifice plate. The orifice meter, No. 1, made to measure the 
supply of nitrogen to the column, was constructed similarly. 
Figure 6 is a diagram of the electrical system of the 
unit. The reactor, the disengaging section, and the cyclone 
are sketched in to show the relative position of the wiring* 
Before wire was wound on any of these three pieces of ea.uip-
ment, they were covered with a coat of Insulite cement. This 
material was applied to act as a refractory covering and as 
electrical insulation. A coating of one layer of asbestos 
paper v/as applied on top of the Insulite, and the heater wire 
was wound on top of it. In the case of the reactor where a 
second heater was wound on top of the first, the two heaters 
were separated by another layer of asbestos paper. After all 
the heaters were v/ound ana anchored in place, they were covered 
with another layer of asbestos paper. In Figure 6, the cir-
cuits to the right of the reactor are the power circuits and 
their auxiliaries, and those to the left are the thermocouples 
and their auxiliaries. The Variac autotransformers are indi-
cated and the double-pole-double-throw switches of the volt-
meter-ammeter circuits of two are shown. The Variac had a 110 
26 
volt primary and 0 to 130 volt secondary. The voltmeter and 
ammeter are appropriately indicated by marking of "V" and "A** 
The auxiliaries of the thermocouple circuits were a 
multiple selector switch and a potentiometer. The thermo-
couples were chrome1-alumel junctions with copper leads from 
within eight or ten inches of the junction to the potentio-
meter. The two arms of the junctions themselves were covered 
with glass capilary tubing of small diameter for the purpose 
of insulation. They were inserted into the copper tubing 
thermowells, which hac been welded into the equipment so that 
the junction itself was situated in just about the center of 
the space in which it was measuring. 
Figure 7 shows the details of construction and installa-
tion of the expander which is located in the bottom of the re-
actor. The expander itself is a section of one and a quarter 
inch pipe, drilled and threaded in the side, and with a round 
plate welded, into its end. As shown in the drawing, the in-
side above the threaded hole was turned down to a fine edge 
to aid in expanding the gases. The expander was mounted in 
the reactor by being placed inside and screwed onto the 3/8 
inch pipe which carried in the gases for fluidization. The 
pipe was then welded into the reactor. The annular space 
between the outside of the expander and the inside of the re-
actor and the space under the expander down to the plate of 
the slide valve offer the only space in the reactor where 
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During continuous operation, these same spaces would act as 
temporary storage for reacted material which was dropping out 
from the bottom of the reactor, 
Front and side views of the slide valves are illustrated 
in Figure 8. The body of the valve was made of three pieces 
of steel. The top half was drilled and tapped for a two inch 
standard pipe, as shown, and the bottom half ivas drilled to 
the Inside diameter of a four inch standard pipe. Both halves 
were drilled, and tapped appropriately for the six bolts which 
hold them together. Each was also milled along one face to 
form a channel in which the slide might operate. The two 
halves were "bolted together with their milled slots facing so 
as to form an operating passage for the slide. The two halves 
were appropriately drilled and tapped on the end through which 
the slide entered, and the end piece illustrated was mounted 
with its four screws. The hole drilled through the end piece 
for the slide handle was enlarged as shown and the first part 
of it was threaded* This enlarged space was made for placing 
packing around the slide handle to keep it pressure tight, 
and a packing gland was made from brass with a hex head at 
one end and with the other end threaded for entrance into the 
end piece. The bearing surfaces, where the three sections of 
the valve body were bolted together, were equipped with as-
bestos gaskets for pressure tightness and because of the heat 
which might have an adverse effect on other gasket material* 
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The slide itself was a piece of brass plate fitted into the 
two millled slots and drilled and tapped the center of one end 
to receive its handle. The handle was a piece of small di-
ameter round steel rod. The reducer was welded onto the bot-
tom half of the valve body, in order to reduce the four inch 
opening therein to two inch standard pipe size. The hole in 
the bottom half of the valve was made so much bigger than the 
entrance at the top in an effort to allow free passage of the 
sawdust and thereby prevent the sawdust from accumulating and 
blocking the action of the slide, 
The two views of Figure 9 illustrate the tube sheet and 
a cut-away section of the liquid products condenser. The con-
denser was of course mounted vertically, but it is shown here 
in the horizontal position for convenience of illustration. 
The shell of the condenser was made of four inch standard pipe. 
The two heads were made of steel plate and were both welded 
into the shell. The nineteen tubes in the condenser were 20 
gage copper tubing, 5/S inch diameter, and 16 inches long. 
They were welded into both heads. IM elding tubes and heads at 
both ends like this is ordinarily bad practice, but, presumably 
because of the short length and mild operating temperature of 
these tubes, there was no trouble during operation. An ad-
ditional piece of four inch standard pipe, six inches long, 
was welded Onto the ends of the shell in order to provide for 
distribution of incoming gases and for disengaging space for 
condensed liquid and cooled gases. The two ends were threaded 
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and fitted with standard pipe caps into which had been welded 
nozzles. The nozzle at the right, the entrance for overhead 
gases, was 3/8 inch and that at the left, the exit for con-
densed liquid, was l/4 inch pipe. The 3/8 inch pipe welded 
into the disengaging section was for carrying condensed gases 
to the orifice meter. It was placed at a slight angle so that 
any entrained liquids might run back into the disengaging sec-
tion. There was also a copper tubing welded into the disen-
gaging section for a thermometer well. Two l/2 inch nozzles 
were welded into the condenser shell, as shown, for the en-
trance and exit of the cooling water, flow being counter-cur-
rent to the material on the hot side* 
Figure 10 is a photograph of the units control board, 
manometer board, and other control facilities. The control 
board itself was a sheet of trans ite, which was supported by 
a simple wocden framework to which it was fastened by a series 
of screws along its edge. The multiple switch for selecting 
thermocouples to be read was mounted at the lower left-hand 
corner of the board. The two wires coning from one side of 
this switch were extended to the potentiometer. The potenti-
ometer was a standard portable model, set on top of the control 
board and supported in position by the shorth length of angle 
iron mounted just above the switch. Just above the angle iron 
and to its right can be seen the dial and control handle of 
the autotransformer which supplied the current for the aux-
iliary heaters. At the right are the two duplicate sets of 
54 
control and indicating equipment for reactor heaters No. 1 
and 2. TjJach set consists of a Variac autotransformer, an 
ammeter, a voltmeter, and a switch for the meter circuit. 
All of these units were mounted directly on the trans ite 
board. Centered above the two sets were the pilot light 
and the master switch for all three electric heater circuits* 
The pilot light was wired so as to indicate the position of 
the master switch* 
The large piece of plywood mounted on the vertical 
member of the framework is the monometer board. The two 
double monometers at the top of the board were connected to 
the orifice meters; the left monometer connected to orifice 
meter No. 1 which measured the fluidizing gases as they entered 
the unit. The right monometer was connected to orifice meter 
No. 2 and was used to measure the residual gases leaving the 
unit. Iiiach of these monometers consisted of two tubes so that 
it was possible to measure the gauge pressure at the down-
stream orifice tap, as well as the differential pressure a-
cross the orifice. The inclined monometer at the bottom of 
the monometer board was connected across the two ends of the 
reactor for measuring the pressure drop across the reactor. 
All of the monometer connections were made with copper tubing 
and the copper tubing was joined to the glass monometers by 
sections of rubber tubing. 
The fluidizing gas for the destructive distillation 
runs was supplied from the cylinder of high pressure nitrogen 
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shown at the right. The pressure of the nitrogen coming 
from the cylinder was regulated by a standard pressure re-
ducing valve. The gas from the reducing valve was piped to 
the manifold which was mounted on the back of the monometer 
board. The manifold was a piece of 1 1/4 inch pipe almost 
a foot long and threaded anc capped at both ends. Along Its 
length, it was drilled and tapped to receive two 1/4 inch 
and one 3/b inch nipples. Valves were mounted on these nip-
ples and are visible in the picture along the right edge of 
the monometer boara. The two l/4 inch valves control the flov; 
of gas which served to keep the reactor pressure drop taps 
free from clogging by the sav/dust. The lower 3/8 inch valve 
was for the purpose of controlling the flov/ of fluidizing 
gases. The 3/8 inch valve was connected to the vertical pipe 
which passes down behind the control board and is connected to 
orifice meter ^o. 1. Orifice meter No. 1 was mounted in a 
horizontal position under the monometer board behind the con-
trol stand. The outlet of orifice meter Ko. 1 was connected 
with 3/8 inch pipe directly to the expander in the bottom of 
the reactor. 
Just to the left of the monometer board in the photo-
graph, Figure 10, can be seen the liquid product collector. 
It is a glass vessel made from a section of about two inch 
tubing reduced at both ends to fit stopcocks. It was con-
nected to the liquid proaucts outlet of the condenser by a 
piece of rubber tubing and supported by two ordinary labo-
ratory clamps which were attached to a rod. The rod was 
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Figure 10 
Control and Measurement Facilities 
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welded to the condenser body. 
Figure 11 is a front view of the whole apparatus ex-
cept for part of the hopper-valve auxiliaries on top. This 
picture offers a good illustration of the method used in 
mounting the apparatus. The tips of the wings, which are 
welded to the disengaging section above the reactor, can be 
seen protruding from the insulation and resting on the top 
horizontal bars of the framework. The formed metal strap, 
which is clamped on the apparatus just below the bottom slide 
valve and attached to the bottom horizontal members of the 
framework, was placed there for the purpose of maintaining 
the alignment of the reactor and to hold it steady. The in-
sulation covering on the reactor, the disengaging section, 
and their connecting reducer was glass wool in two layers 
having a total thickness of about three inches. The in-
sulation on the cyclone and the pipe connecting it to the 
disengaging section is only a very heavy layer of asbestos 
paper formed to fit. 
Figure 11 
View of Apparatus Showing Mounting of Units on the Framework 
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Chapter IV 
Operation and Results 
In preparing for the operation of the apparatus, the 
first step necessary was the calibration of the orifice meters 
and the thermocouples. Since only an approximate calibration 
was desired at the time, it was not considered necessary to 
use the most accurate methods of calibration. The thermo-
couples were checked by being immersed in a beaker of water 
simultaneously with a thermometer* Checks were made at sever-
al temperatures with each thermocouple and the thermocouples 
were found to be correct to within about one degree centigrade. 
The two orifice meters were checked by piping each in series 
with a positive displacement gas meter obtained from the 
Atlanta Gas Light Company. A series of runs was made with 
each orifice meter, using nitrogen from a high pressure cylin-
der as the sourse of the gas. The data obtained are tabulated 
in the appendix with a plot of the volume figures obtained con-
verted to velocities in the reactor at 27° C. 
The second step preparatory to operation was to prepare 
adequate quantities of suitable sawdust for the contemplated 
runs. While the apparatus was actually designed to study de-
structive distillation of soft woods such as yellow pine, for 
the preliminary runs it was decided that a hard wood should be 
used since it was contemplated that hard wood would be easier 
40 
to work with, A good sized piece of secondhand red oak was 
obtained from a lumber yard. Fa moisture determination was 
made in the wood or the sawdust therefrom; however, this 
wood had been used in a building for a number of years, so 
it was well dried. The piece of wood was turned down on a 
lathe to obtain a quantity of chips, and the chips were fur-
ther ground to a powder in a rotating hammer mill. The pow-
der, thus obtained, was screened in a series of screens of 
varying sizes producing a number of fractions, each of which 
covered a range of screen mesh sizes* 
The first operation of the unit was with air as a 
fluidizing medium and sawdust of relatively large sizes. 
This operation was solely for the purpose of preliminary 
familiarization with the apparatus; no heat was used; and 
no data were taken. The sawdust used passed a 20 mesh, but 
was retained on 42 mesh screen. A little trouble was experi-
enced in over loading the second feed hopper and the with-
drawal hopper, in that they plugged up a bit, but, on the 
whole, this operation was quite satisfactory. A recovery of 
some small material was made by the cyclone and the overall 
recovery was good. 
A second preliminary run was made on the unit using 
sawdust which passed a 42 mesh screen, but v/as retained on 
100 mesh. The main purpose of this run was to check on the 
capacity of the reactor. Heat v/as also applied during this 
run to check operation of the thermocouples and to further 
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dry the insulation, Since the heating caused a certain amount 
of combustion, it was not possible to obtain any good data on 
the reactor capacity. It was discovered in this run, however, 
that the fluid in the reactor pressure drop manometer was not 
heavy enough, so, at the end of the run, the water in this 
manometer was removed and mercury substituted therefor. This 
run indicated satisfactory operation of all the other equip-
ment, 
The first run for actual destructive distillation was 
made using 42 to 100 mesh red oak sawdust and nitrogen. Ac-
cording to the literature (5) the temperature to be sought for 
destructive distillation was about 280°C. The object of this 
run was to try-to attain reaction at this temperature. It was 
possible to reach this temperature and also to exceed it con-
siderably, as indicated by the tabulated data in the appendix. 
It was not possible to condense an appreciable amount of liquid 
product. Apparently, however, a good amount of product was 
produced, for there was a production of copious quantities of 
noxious smoke from the outlet of orifice meter Ho. 2. The 
poor recovery also substantiates this idea. Of the 418 grams 
of sawdust charged, only 161 grams of solids and liquid were 
recovered. Of the recovery, 133 grams were carbonized saw-
dust which came out of the bottom of the reactor, and only 10 
grams were liquid condensed in the receiver. 
During this run it was noticed that the pipe from the 
nitrogen cylinder was so cold from the expanding gas that water 
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condensed on its surface. It was also noted that the action 
of the material in the fluidized bed caused rap'id pulsations 
in the monometeis of the orifice meters, and, when a slug of 
solids entered the reactor suddenly as in adding a large 
amount of charge, the magnitude of the pulsations might be 
so great as to blow the fluid out of the monometer. This 
was especially true in the gauge pressure half of the mono-
meter for orifice meter No. 1; therefore, that tube was 
filled with ethylene dibromide at the end of this run. During 
the run, the water which had been in the monometer was blown 
out • 
At the close of the run, it was noticed that the flow 
of gas through the apparatus was somehow blocked, '/tfien the 
union in the pipe connecting the disengaging section to the 
cyclone separator was broken, it was noted that this pipe was 
full of a substance which appeared to be a combination of fine 
sawdust and a tar-like material. After removing this accumu-
lation, the cyclone and the liquid products condenser were 
inspected and found to be in ,̂ ood condition. 
The lack of production of liquid product during this 
run was puzzling, since the thermometer in the bottom of the 
liquid products indicated temperatures varying only between 
about 25 and 27° C. This temperature range v/as almost identi-
cal with room temperatures at the time. 
The second and last destructive distillation run was 
made using 42 to 100 mesh sawdust and nitrogen as the 
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fluidizing medium. It was decided, however, to make this 
run at lower temperatures and gas velocities, in order to 
try to get better control of the operation. During this 
run all the monometers were filled with colored water ex-
cept the right half of the monometer of orifice meter No. 1, 
which contained ethylene dibromide, and the reactor pressure 
drop monometer which contained mercury. 
During this run, there was much better agreement at-
tained among the four thermocouples of the reactor, than 
during the previous run; however, none of them went above 
200°C. A certain amount of smoke was produced during this 
run, but not nearly as much as in the previous run. A much 
better recovery was made on this run, since 89.9/fc of the 
526 grams charged were accounted for as products. In con-
trast to the black, completely carbonized bottom product 
obtained in the previous run, the product from this run 
showed much the color of the original sawdust, although it 
definitely was partially carbonized. Again in this run, the 
recovery of liquid was poor, even though condenser outlet 
temperatures were down around 27°C; however, the recovery 
in the run was relatively much better than in the previous 
one. The liquid which was collected in both runs had a 
watery consistency and a brownish color. 
The operation and control of the apparatus seemed to 
be quite satisfactory, although the experimental results ob-
tained were not all that might be hoped for. During the last 
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run, it was possible to bring the reactor thermocouples with-
in better agreement, and the solid product obtained indicated 
that control of the degree of destructive distillation could 
be obtained by controlling the temperature. The manner in 
which production of smoke and liquid product increased im-
mediately after addition of fuel charge, indicated that the 
reactions taking place must be quite rapid. Perhaps this was 
more a matter of driving off the free water from the wood, 
rather than actual destructive distillation. 
Each run of about tv/o hours1 duration consumed one 
cylinder of nitrogen. In starting each run, the nitrogen was 
run through the unit first at low velocities before the heat 
was turned on. After the unit had heated up a bit, the nitro-
gen velocity and the heat were adjusted. When the desired ad-
justment was attained, the first charge of sawdust was put in 
and the run was made. Further adjustments and additional 
charges were made during the run, as deemed necessary. At the 
end of the run, the gas velocity was reduced in order to re-
move all the solids remaining in the apparatus. The flow of 
gas was momentarily stopped to remove the last of this materi-
al, and then it was resumed when the heat was turned off. Gases 
were blown through the apparatus during the entire cooling peri-
od, in order to make the cooling more uniform and more rapid. 
All of the recovered products from each run were weighed to 
check the yield of the run. 
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Chapter V 
Conclusions and Recommendations 
The experimental runs made with this apparatus indi-
cated that it is usable for its purpose, but that it could 
well be improved by some alterations. In particular, the 
reactor, the reacter expander, the disengaging section, the 
cyclone separator, and the measurement and control equip-
ment seemed to be quite satisfactory; however, the hopper-
valve combinations at the top and the bottom and the con-
denser did not seem to be completely satisfactory. 
During batch runs, such as the two made, the oper-
ation of the hopper-valve combinations did not necessarily 
have to be smooth; however, for operating the apparatus in 
continuous runs, they would have to operate without plugging 
or unevenness in flow. The operation of these facilities 
during the charging and discharging of the unit showed that 
they were not operating as they should. It is believed that 
the installation of several taps, or entrances, at strategic 
points among the hoppers and valves for the application of 
aeration gases would promote better action. By means of 
this aeration, the material in the hoppers and valves would 
be fluidized. Although it would be only slightly fluidized, 
not nearly as well aerated as the material in the reactor, 
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its flow and the operation of the slide valves v/ould be 
greatly facilitated. 
The greatest deficiency noted in the destructive dis-
tillation runs made was the apparant poor recovery of liquid 
product, in spite of cooling to room temperature in the con-
denser* While this may have heen only because of not knowing 
how to operate properly, it does seem that the trouble may be 
in either not having sufficient cooling for the operating 
pressure, or in having such a large proportion of nitrogen to 
the amount of liquid product present in the vapor. In order to 
arrive at a more definite answer to this question, it would be 
necessary to make a number of additional experimental runs, 
Two runs do not produce sufficient data to arrive at very defi-
nite conclusions. Additional runs would also make it possible 
to operate at a number of different conditions and note the ef-
fect of the various conditions on the yield of liquid product. 
A construction and maintenance trouble which might also 
well be eliminated is the unwieldiness of attaching and re-
moving the top hopper-valve facilities by means of the five 
inch pipe cap which threads onto the top of the disengaging 
section. If a regulation flange were screwed onto, or other-
wise attached to the top of the disengaging section, and a 
properly drilled regulation blind flange were substituted for 
the pipe cap, the top hopper-valve auxiliaries could then be 
attached to the rest of the apparatus with comparative dispatch 
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and ease. Such a flanged arrangement with proper metal 
gasket would also simplify the problem of maintaining a gas-
tight joint at this point. 
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Data - Tes t run Wo* 1 of d e s t r u c t i v e d i s t i l l a t i o n , May 2 1 , 1947 
Sawdust 4 2 - 1 0 0 mesh. Ni t rogen - f l u i d i z a t i o n agent* 
I II III IV V VI VII VII VIII VIII IX X XI XII 
Amt. of 
Sawdust 
A \\ A B Added 
1405 73 158 120 107 84 1.9 7, 3 1.6 0.6 0 30 30 97 
15 85 146 120 110 86 1*9 10. 0 1.5 0.7 1.5 30 30 97 112 gm 
25 94 129 120 112 90 1.9 15 1.4 0.5 3.4 50 50 107 96 gm 
35 105 127 127 119 95 1.8 19 2.0 0.7 5.4 60 60 107 100 gm 
45 132 150 148 134 101 1.8 19 1.8 0.7 4.8 70 70 107 
48 148 176 166 152 110 1.8 19 1.8 0.7 4.3 80 80 112 
55 201 219 202 182 123 1.4 17 1.4 0.7 4.2 90 90 112 
1503 262 281 253 229 137 1.5 17 1.4 0.7 2.8 80 80 112 
10 288 309 279 256 147 1.4 16 1.6 0.6 2.6 75 75 112 
25 280 334 308 298 168 1.4 1.6 0.6 3.2 75 75 112 
36 323 356 319 307 189 1.0 0.4 4.1 70 70 112 109 gm 
50 292 324 300 294 190 1.1 7.8 0 0 0 
1604 286 319 292 285 191 1.0 0.4 70 70 112 




















T o t a l Charge 417 gm 
Liquid Product 10 gm 
So l id s ,P roduc t 133 gm 
Sol ids(Cyclone) 18 gm 
To ta l Recovered 161 gm 
Time - hours 
Temperature, °C, bottom of reactor 
" " middle of reactor 
M " next to top of reactor 
" " top of reactor 
11 " in center of disengaging section 
Head, cmll 0, orifice meter No. 1 differential pressure 
tZi 
11 " " " " down stream tap, guage pressure 
Ho. 2 differential pressure 
H down stream tap, guage pressure 
Head, croH 0, differential pressure across reactor 
Voltage a§ross Heater No. 1 
" " " No. 2 
11 H Auxiliary Heater 
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Data - Test run No. 2 of destructive distillation, May 22, 1947 
Sawdust 42 -100 mesh. Nitrogen - fluidization agent. 






X XI XII Amt. of 
Sawdust 
Added 
1533 96 198 138 116 74 0.9 3.7 0.8 0.2 0 40 40 112 
44 108 182 147 127 81 1.1 14 1.3 0.3 6.5 40 40 112 210 gm 
49 135 174 151 134 88 
51 139 171 158 139 93 
59 142 170 160 144 97 1.2 1.1 0.3 6.2 45 45 112 
1607 138 156 152 146 105 1.3 22 1.4 0.5 14.5 45 45 112 204 gm 
16 149 162 160 155 114 1.3 22 1.2 0.4 15.0 50 45 112 
26 157 170 167 160 122 1.2 1.3 0.4 10.8 50 45 112 
45 178 190 188 180 132 1.2 24 1.3 0.4 12.2 45 45 112 
52 181 192 192 182 136 
1700 185 199 193 182 140 1.0 24 1.0 0.4 11.3 40 45 112 
15 179 190 187 180 146 0.8 32 1.0 0.4 14.5 45 45 112 112 gm 
23 131 191 191 186 150 
30 186 199 195 189 156 0.3 32 1.0 0.4 13.6 45 45 112 
36 188 201 198 192 156 0.8 32 1.0 0.4 13.6 45 45 112 








0.4 13.6 off off off 







Tota 1 Recovered 474 gm 
NB: For meaning of Roman numerals heading columns, see preceding page. 
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Data - Orifice meter ca l ib ra t ions using pos i t ive displacement 
meter from Atlanta Gas Light Company in se r ies v/ith o r i f i ce 
meter. See data p lot ted on following graphs. 
Orifice Meter No. 1 Orifice Keter No. 2 
I I I I I I I IV 1" I I I I I I IV 
A B A E 
1 . 1 1 . 8 1 9 . 3 0 . 5 1.112 0 . 8 0 . 6 2 2 . 8 0 . 5 0 . 9 4 1 
0 . 6 0 . 8 3 3 . 1 0 . 5 0 . 6 4 8 0 . 3 0 . 2 3 7 . 2 0 . 5 0 . 5 7 7 
6 . 8 10 .0 8 . 7 0 . 5 2 . 4 7 1.6 0 . 6 1 8 . 2 0 . 5 1.179 
3 . 8 5 . 3 1 2 . 5 0 . 5 1.717 2 . 9 1 .0 1 4 . 4 0 . 5 1.490 
10 .2 1 4 . 8 3 2 . 2 2 . 0 2 . 6 6 3 . 9 1 .4 1 2 . 6 0 . 5 1.703 
3 . 0 4 . 3 1 4 . 5 0 . 5 1.481 6 . 0 2 . 2 1 0 . 1 0 . 5 2 . 1 2 4 
1 . 5 2 . 0 2 0 . 5 0 . 5 1.047 
4 . 4 6 . 4 2 3 . 2 1 .0 1.848 
9 . 5 14 .4 8 . 2 0 . 5 2 . 6 2 
7 . 0 10 .2 9 . 0 0 . 5 2 . 3 8 
3 . 0 4 . 5 1 3 . 5 0 . 5 1.590 
1.4 2 . 0 2 1 . 2 0 . 5 1.012 
0 . 4 0 . 6 4 1 . 2 0 . 5 0 . 5 2 1 
I - Di f fe ren t ia l pressure across o r i f i c e , cmH 0 
A 2 
I - Downstream gauge pressure " " 
B 
I I - Time for passage of measured amount of gas? seconds 
I I I - Volume of gas during measured time, ( fee t )^ 
IV - Velocity of gas through reactor at 27°C, feet per sec . 
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